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ABSTRACT 

Sockeye salmon (Oncorhynchus nerka) smolt  p r o j e c t s  were conducted on f o u r  
B r i s t o l  Bay r i v e r s  i n  1981. Estimates o f  ou tm ig ra t ing  sockeye salmon smol t  
were 183.6 m i l l i o n  from t h e  Kvichak, 97.5 m i l l i o n  from t h e  Wood, and 0.9 
m i l l i o n  f rom t h e  Snake River  system. No t o t a l  ou tm ig ra t ion  est imate was 
generated from the  Egegik River .  Age composi t ion was 89% Age I and 11% Age 
11 smolt  from t h e  Kvichak, 48% Age I ,  48% Age 11, and 2% Age I11 f rom t h e  
Egegik, 66% Age I and 34% Age I 1  f rom the  Wood, and 99% Age I and 1% Age I 1  
from the  Snake River .  



INTRODUCTION 

This Technical Data Report represents a continuation in the documentation of 
sockeye salmon (Oncorhynchus nerka) smolt data collected from various Bristol 
Bay river systems. In 1981 smolt projects were conducted on four systems, 
Kvichak, Wood, Egegi k, and Snake. Sonar biomass counters were used t o  e s t i -  
mate smolt abundance on the Kvichak, Egegik, and Wood Rivers while an inclined 
plane trap sampling program was used on the Snake River. Length and weight 
data were collected from each age class of smolt on each of the four rivers 
sampled. Infection rate by the cestode parasite (Triaenophorus crassus) was 
documented for smo'lt emigrating down the Wood River. Climatological data 
are presented for each smolt s i t e .  

Smolt data i s  used t o  forecast returns of adults and t o  ass i s t  in establish- 
ing optimum escapement levels. These data are also used in assessing the 
effects of salmon rehabilitation and enhancement projects located in the Wood 
and Snake River systems. 

As used in this  report, Age I smolt are those smolt which have formed one 
scale annulus or "check", and are in their  second year of freshwater resi- 
dency a t  the time of outmigration. Age I1 or two-check smolt are those in 
their  third year of freshwater residency possessing two scale annuli. 



1981 KVICHAK RIVER SOCKEYE SALMON SMOLT STUDIES 

Henry J. Yuen and Mitch Wise 
Alaska Department of Fish and Game 

Divis ion of Commercial F i s h e r i e s  
Anchorage, A1 a s  ka 

INTRODUCTION 

Data on age composit ion,  s i z e  and numbers o f  Kvichak River sockeye salmon 
(Oncorhynchus nerka) smelt migra t ing  t o  sea  a r e  used i n  f o r e c a s t i n g  t h e  
age composition and numbers of subsequent a d u l t  r e t u r n s  t o  t h e  Naknek/Kvichak 
f i s h e r y  and t o  e v a l u a t e  escapement l e v e l s  and smolt  product ion.  Total smolt  
outmigrat ion e s t i m a t e s  from sonar enumeration began i n  1971, r ep lac ing  out-  
migrat ion i n d i c e s  es t imated  from fyke n e t  ca tches  which were i n i t i a t e d  i n  
1955 (Russel l  1972; Paulus and McCurdy 1972; Parker 1974a and 1974b). Col- 
l e c t i o n  of smolt  age and s i z e  d a t a  a s  well  a s  sonar  enumeration of t h e  
Kvichak River smol t outmigrat ion continued i n  1981. 

METHODS A N D  MATERIALS 

Sonar Arrays 

The sonar  count ing system c o n s i s t e d  of t h r e e  3.2 m p l a s t i c  l adder  a r r a y s ,  
each holding 14 sonar  t r ansducers .  Each a r r a y  was independently anchored. 
The t ransducers  were a t t a c h e d  t o  t h e  a r r a y s  and t h e i r  c a b l e s  gathered 
t o g e t h e r  i n t o  t h r e e  s e p a r a t e  bundles of 100 m i n  l engh th ,  which were con- 
nected t o  a s i n g l e  con t ro l  u n i t  housed i n  a t e n t  on t h e  r i v e r  bank. I n s t a l -  
l a t i o n  and opera t ion  o f  t h e  sonar  count ing system was s i m i l a r  t o  t h a t  of 
1976 w i t h  t h e  few changes noted below (Randall  1977).  

I n i t i a l  placement of a r r a y s  began on 13 May. The coun te r  became opera t iona l  
a t  2300 hours with t h e  inshore  and o f f s h o r e  a r r a y s .  Due t o  problems i n  t h e  
anchor and c a b l e ,  t h e  c e n t e r  a r r a y  was no t  opera t iona l  u n t i l  1800 hours 15 
May. Counts f o r  t h e  c e n t e r  a r r a y  p r i o r  t o  15 May were determined from t h e  
propor t ion o f  c e n t e r  t o  inshore  and o f f s h o r e  counts  dur ing t h e  remainder of 
t h e  season. 

Adjustment o f  Sonar Counts 

The system was monitored 24 hours per  day. Every 15 minutes counts  were 
e l e c t r o n i c a l l y  t o t a l e d  f o r  each a r r a y  and recorded on paper t a p e .  To i n t e r -  
p r e t  t h e  sonar  counts  a s  smol t ,  t h e  fol lowing adjus tments  were r e q u i r e d :  
s u b t r a c t  f a l s e  coun ts ,  i n t e r p o l a t e  f o r  missed t ime,  a d j u s t  f o r  r i v e r  velo- 
c i t y ,  expand counts  f o r  r i v e r  width ,  and mu1 t i  ply  by 10.  



False counts caused by wind, r a i n ,  i c e ,  boats ,  e t c . ,  i f  recorded, were 
subtracted from the  counts pr inted on the paper tape. False counts were 
avoided, however, by disabl ing the e n t i r e  system when a known source of 
f a l s e  counts appeared, e .g . ,  boats ,  i c e ,  e t c .  The control un i t  pr inted 
the number of seconds the  system was disabled.  Counts during missed time 
were estimated by l i n e a r  in te rpola t ion .  The control un i t  was temperature 
s ens i t i ve  and there  was approximately a 4% e r r o r  i n  the  d i sab le  time 
printed on the  paper tape.  The actual  d i sab le  time was l e s s  than the  
d isab le  time printed by the control u n i t .  After 25 May t h i s  e r r o r  was 
neg l ig ib l e ,  and no adjustment was made in the expanded outmigration counts. 
During the  same time period a d i f fe rence  was a l so  noticed between the  pr inted 
counts and the number t a l l i e d  on the  control by the  t o t a l i z e r s .  This e r r o r  
was considered neg l ig ib l e ,  t he re fo re ,  no adjustment was made in the  outmigra- 
t i on  est imate.  

The counting r a t e  of the control un i t  was dependent on water ve loc i ty .  The 
control un i t  was i n i t i a l l y  s e t  a t  5.20 fps  and r e s e t  t o  4.98 fps  on 21 May 
f o r  the  remainder of t he  pro jec t .  Actual water v e l o c i t i e s  were measured 
w i t h  a Gurley meter four  times during the pro jec t .  17 May, 25 May, 2 June, 
and 10 June average v e l o c i t i e s  over the inshore a r r ay  were 4.79, 4.43, 5.54, 
and 4.49 f p s ,  respec t ive ly .  And offshore a r rays  were 5.20, 5.30, 5.28, and 
5.26 f p s ,  respec t ive ly .  These water v e l o c i t i e s  were used t o  make l i n e a r  ad jus t -  
ments i n  the  sonar counts. 

The counts from each ar ray  were expanded t o  est imate the number of smolt 
migrating in  sec t ions  of the r i v e r  not covered by the  a r rays .  The sonar 
s ignal  from each ar ray  was approximately 3.7 m wide. The surface width of 
the r i v e r  was measured a t  96.6 m .  A s i d e  scanning sonar system was used t o  
determine the l imi t s  of the  l a t e r a l  d i s t r i b u t i o n  of smolt in  the r i v e r .  
Based on data obtained from the  s i d e  scanning sonar ,  smolt did not u t i l i z e  
the  f i r s t  13.4 m from the west bank nor the  f i r s t  3.0 m from the  e a s t  bank. 
Figure 1 i l l u s t r a t e s  the pos i t ion  of the  a r rays  in  the r i v e r  and t h i s  sea- 
s o n ' s  l a t e r a l  smolt d i s t r i b u t i o n  across  the  r i v e r .  Daily counts were then 
expanded t o  est imate the t o t a l  d a i l y  outmigration based on the  da i ly  l a t e r a l  
d i s t r i b u t i o n  of sonar counts over t he  th ree  a r rays .  Mean expansion f a c t o r s  
derived from the  area under the  l a t e r a l  d i s t r i b u t i o n  curve were 5.59, 4.55, 
and 4.26 f o r  the inshore,  cen te r ,  and offshore sec to r s  respect ively.  

The sonar system functioned a s  a biomass counter and was designed one count 
f o r  the  biomass equivalent  t o  10 smolt passing over the  sonar equipped 
ar rays  (Krasnowski 1975). Daily counts were therefore  mul t ip l ied  by 10 as  
the f ina l  adjustment in  est imating the numbers of outmigrating smolt. A 
sample of a completed d a i l y  outmigration est imate with adjustments f o r  d i s -  
ab le  t ime, water ve loc i ty ,  expansion f o r  unsonified a reas ,  and mul t ip l ica t ion  
by 10 f i s h  per count was presented by Randall (1977). 

Age-Weight-Length Sampling 

Samples from fyke net  catches were used t o  determine mean lengths,  weights,  
and age composition of the  outmigrating smolt. A standard 1 .5  m by 1.5 m 
fyke net  was f i shed  in  about 1.4 m of water in  approximately the  same loca- 
t ion  as  the  index s i t e  of previous years .  An e f f o r t  was made t o  c o l l e c t  





t h i r t y  smol t f o r  age,  l e n g t h ,  and weight d a t a  a t  0600, 1200, 1800, and 
2400 hours d a i l y .  The es t imated age p ropor t ion  was 89% Age I and 11% 
Age 11. Therefore ,  t h e  smolt  age samples were pooled i n t o  sample s i z e s  
o f  165 f i s h  o r  more which allowed d e t e c t i o n  of a 5% change i n  t h e  age 
composition a t  t h e  952 confidence l eve l  (Snedecor and Cochran 1967).  As 
a r e s u l t  t h e r e  were 10 samples per iods  of 2 t o  6 days each.  Estimated 
age composition of t h e  t o t a l  outmigrat ion was weighted by t h e  outmigrat ion 
e s t i m a t e  f o r  each o f  t h e  sample pe r iods .  The mean leng th  and weight f o r  
the e n t i r e  outmigrat ion were es t imated  by summing the d a i l y  mean leng ths  
and weights , weighted by t h e  corresponding d a i l y  outmi q r a t i o n  e s t i m a t e .  

RESULTS 

Cl imatological  and Hydrological Observations 

Weather and r i v e r  cond i t ions  were recorded a t  t h e  sonar  s i t e  from 15 May 
through 9 June (Table 1 ) .  The weather dur ing t h e  p r o j e c t  was g e n e r a l l y  
c l e a r  and warm wi th  l i g h t  breezes .  Few c o r r e c t i o n s  were necessary  on t h e  
count d a t a  because o f  wind o r  r a i n  over  t h e  dura t ion  of t h e  p r o j e c t .  The 
seasonal  mean a i r  and temperatures  were 9.9 and 8.2" C ,  r e s p e c t i v e l y .  Water 
temperatures  dur ing t h e  smolt s t u d i e s  i n  t h e  p a s t  19 y e a r s  have averaged 
5.3" C. Water temperature  d a t a  from 1963 t o  1981 a r e  presented i n  Appendix 
Table 1 .  During t h e  peak of t h e  outmigrat ion t h e  mean water  temperature was 
7.6" C .  The water  l e v e l  r o s e  approximately 0.5 m dur ing t h e  course  of t h e  
p r o j e c t .  

Outmigration Estimate 

A t o t a l  o f  3,946,207 sonar  counts  was t a l l i e d  dur ing t h e  1981 sonar  enumera- 
t i o n  p r o j e c t  (Table 2 ) .  This l e d  t o  an es t imated  outmigrat ion o f  183.6 
mil l i o n  smolt  (Table 3 ) .  The peak o f  t h e  outmigrat ion occurred between 23 
May and 25 May and represented 43.3% of  t h e  t o t a l  outmigrat ion.  

There were 163.0 m i l l i o n  Age I smolt  enumerated from t h e  1979 escapement o f  
11.2 m i l l i o n  spawners (Table 4 ) .  The remaining 20.6 m i l l i o n  smolt  were Age 
I1 and were t h e  progeny of  4.1 m i l l i o n  a d u l t s  spawning i n  1978. The 20.6 
m i l l i o n  Age I1  smolt  added to. 162.5 m i l l i o n  Age I smolt  t h a t  emigrated i n  
1980 i n d i c a t e  a t o t a l  production o f  44.2 smolt  per spawner from t h e  1978 
brood y e a r  (Table  4 ) .  Smol t t o  a d u l t  marine s u r v i v a l  has been c a l c u l a t e d  
f o r  Age I and Age I1 smolt  from brood y e a r  1968 through brood y e a r  1976 
(Table  5 ) .  Average marine s u r v i v a l  f o r  Age I smolt  i s  9.6% and f o r  Age I 1  
smolt  i s  13.3%. 

Age-Wei ght-Length 

A t o t a l  of 2,157 smolt was measured t o  determine mean weight ,  l e n g t h ,  and 
age. Daily mean weights and l eng ths  a r e  presented i n  Table 6 .  The e s t i -  
mated age composition o f  t h e  t o t a l  outmigrat ion was 89% Age I and 11% Age 
11. The es t imated  mean weights of t h e  t o t a l  outmigrat ion were 5.45 g f o r  
Age I smolt  and 10.2 g f o r  Age I I smol t. Mean leng ths  were 85.3 mm f o r  Age 
I smolt  and 108.3 mm f o r  Age I1  smol t .  Appendix Table 2 provides smolt  age 
composit ion,  weight ,  and l eng th  d a t a  f o r  the y e a r s  1955 through 1981. 



Table  1. C l i m a t o l o g i c a l  and stream observat ions,  Kvichak R ive r ,  15 May t o  9 June 1981 

P r e c i  - 
Sky M i  nd (MPH) D i r e c t i o n  A i r  Temp CO Water Temp C0 p i  t a t i o n  

Date 0800 2000 0800 2000 min max 0800 2000 (m) 24 h r  

511 5 2 1 9.0 7.5 0 
511 6 1 4  1 OSW 4 5W 2.8 8.0 6.7 8.0 0 
511 7 4 3 2W Calm 6.0 18.1 7.2 8.0 .33 
5/18 3 4 8W 25NE 5.5 8.5 7.2 8.0 T 
511 9 3 3 7 E 7rl E - - 7.2 7.0 .03 
5/20 3 3 Calm 10E 11.0 23.0 6.8 7.0 .01 
5/21 5 3 Calm 5W 4.8 22.3 6.6 7.5 .05 
5/22 1 1  5E IONE 3.6 15.3 7.1 7.5 0 
5/23 2 3 8N E 5NE 5.0 15.0 6.6 8.0 0 
51 24 4 2 Ca 1 m 214 E 5.5 12.0 7.6 8.0 0 
5/25 1 1  Ca 1 m Ca 1 rn 0.3 15.3 7.3 8.3 0 
5/26 1 1  3W Calm 1.5 16.7 7.9 9.0 0 
5/ 27 4 3 5N E 5NE 1.0 21.0 9.0 9.6 0 
5/ 28 1 3 5N E 5N E 2.0 22.0 9.3 9.1 -05 

&, 5/29 4 4 12NE 1 ONE 2.0 15.0 8.8 8.7 T 
' 5/30 2 2 1 ONE - - - 8.9 - - 

5/31 2 4 1 ONE 12NE - - 8.5 8.8 0 
6/01 3 4 15NE 15NE - - 8.0 7.5 0 
61 02 4 3 1 2E 5N E 1 .0  8.0 7.8 7.0 0 
61 03 2 3 1 2N 1 0E 1.0 13.0 3.5 9.5 0 
6/ 04 2 3 15NE 15E 6.0 18.5 8.1 8.7 0 
6/05 2 2 Calm Calm 6.0 18.0 8.8 9.2 0 
6/06 4 2 2N 214 w 6.0 18.0 9.5 10.4 .06 
61 07 4 4 2 5M Calm 6.0 19.5 10.0 9.8 .06 
61 08 2 4 Calm 3 5W 2.5 13.0 9.2 9.4 .06 
6/09 4 - 5s W - 8.0 15.0 8.9 - .17 

MEAN 9.9 8.2 

Sky Codes: 1 C lear  sky, clouds cover ing n o t  more than 1/10 o f  sky 
2 Cloud cover ing n o t  more than 1/2 o f  sky 
3 Cloud cover ing more than 112 o f  sky 
4 Complete overcast  
5 Fog 

Depth o f  i nshore  h a l f  of cen te r  a r r a y  
T u r b i d i t y  Codes: 1 C lear  

2 L i g h t  t u r b i d i t y  
5 Murky o r  g l a c i a l  

Water 
Level  T u r b i d i t y 3  
(m) 0800 0800 



Table 2 .  Kvichak River sockeye salfion sfiolt counts by  ar ray ,  l e s s  
f a l s e  count;, plus Interpolation for nlssed t l n e ,  1P31. .............................................................. 

DATE INSHORE CENTER OFFSHORE TOTAL .............................................................. 
5 13 202460 0 19621 0 398670 
5 14 93610 0 29200 12281 0 
5 15 90450 22000 59950 t 72400 
5 16 231 760 196360 132290 5604 10 
5 17 1771 40 1941 20 51 8860 8901 20 
5 18 142480 341 650 457640 94 1770 
5 19 98260 86850 153290 338400 
5 20 35390 33570 129740 194700 
5 21 99460 92220 124570 3 16250 
5 22 133310 31 4400 507560 955270 
5 23 2 192850 2748360 2761 370 7702580 
5 24 1346230 21 52570 2375620 5874420 
5 25 17'51210 1907040 0 170020 4828270 
5 26 1096630 860720 81 9420 2776730 
5 27 588770 71 8020 12281 30 2534920 
5 28 553820 983 140 872420 2409380 
3 29 374950 443620 677360 1495930 
5 30 431970 530530 8627 10 182521 0 
5 31 6379 10 31 4320 355090 1307320 
6 1 144670 239950 594420 925040 
6 2 366660 700280 645600 17 12540 
6 3 106540 157450 172160 436 150 
6 4 39940 57660 94640 192241) 
6 5 58670 61150 81 470 20 1290 
6 6 28950 56630 35230 12081 0 
6 7 17540 58160 64670 140370 
6 8 16790 29950 41 290 88030 .............................................................. 

TOTAL 1 105442 1330072 1510693 3946207 
X OF TOTAL 0.2801 0.3371 0.3828 -------------------------------------------------------------- 



T a b l e  3 .  D a i l y  s n a l t  o u t ~ l g r a t i o n  e s t r n a t e  by age c l a s s  w l t h  p e r c e n t  age c o n p o s l t ~ o n  
and a c c u n i ~ l a t e d  t o t a l s ,  Kvichak R i v e r ,  1981 ..................................................................................... 

DATE AGE I % ACCUII AGE 11 Z ACCUH TOTAL ACCUH ------------_------------------------------------------------------------------------ 
S 13 2317515 0.79 2317515 616892 Q.21 616892 2934408 2934408 
5 14 875160 0.79 3192675 232956 0.21 849848 t 1081 17 4042525 
5 15 633606 0.79 382628f 168657 0.21 tOl8SOS 802263 4844788 
5 16 2014258 0.79 5840539 536169 0.21 1554674 2550428 7395216 
5 17 3017331 0.79 8857870 803174 0.21 2337848 3820506 11215722 
5 18 3163619 0.79 12021489 842114 0.21 3199962 4005734 15221456 
J 19 0299103 0.83 13320592 266482 0.17 3466444 1565585 16787041 
5 20 736220 0.83 14056812 151019 0.17 3617463 887239 17674280 
5 21 1217649 0.83 15274461 249774 0.17 3867237 1467423 19141703 
5 22 35741 18 0.83 18848579 733152 0.17 4600389 4307270 23448973 
5 23 32854389 0.93 51702968 2663869 0.08 7264258 35518259 58967232 
5 24 24831863 0.93 76534831 2013394 0.08 9277652 26845257 85812489 
5 25 21860362 0.97 9839519% 656749 0.03 9934401 22517111 108329600 
5 26 12660488 0.97 111055681 380358 0.03 10314759 13040846 121370446 
5 27 8880746 0.76 119936427 2732537 0.24 13047296 11613283 132983729 
5 28 8412237 0.76 128348664 2588380 0.24 15635676 11000618 143984347 
S 29 5485227 0.78 133833891 1317190 0.22 17152866 7002417 150986764 
5 30 6674665 0.78 140508556 1846184 0.22 18999050 8520849 159507613 
5 31 6074851 0.95 146583407 293084 0.05 19292134 6367935 165875598 
6 1 4053214 0.95 150636621 195549 0.05 19487683 4248763 17012431 1 
6 2 7155339 0.90 157791960 837326 0.10 20325009 7992666 I781 16977 
6 3 1829388 0.90 159621348 214077 0.10 20539006 2043465 180160442 
6 9 842044 0.94 160463392 51032 0.06 205901 18 893077 181053519 
6 5 890938 0.94 161354330 53996 0.06 20644114 944934 181998453 
6 6 561559 0.99 161915889 31 37 0.01 20647251 564696 1825631 49 
b 7 638152 0.99 162534041 3565 0.01 2063081 6 641717 183204866 
b 8 404080 0.99 162958121 2257 0.01 20653073 406337 183611203 ..................................................................................... 



Table 4. Kvichak K i v e r  soickeye sallnon escapanent and smol t  p roduc t i on  by brood 
year,  1956-1 979. 
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Smolt p roduc t ion  from 1956-1967 brood years and Age I smol t f rom 1968 brood 
yea r  were est imated by a f y k e  n e t  index program. A l l  subsequent smo l t  
p roduc t ion  was est imated by sonar. 

P a r t i a l  r e t u r n .  



Table 5. Kvichak R i v e r  sockeye salmon escapement, smolt  est imate,  
a d u l t  r e tu rns ,  and smol t s u r v i v a l  by brood year,  1968-19783 

BKGCII T O T A L  
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1 1977-1978, p a r t i a l  r e t u r n s  only. 



Table  A. ifean l e n g t h  ( n n i ,  nean ueight ( g ) ,  standard error, and s a m p l e  size ( n )  
for  sockeye salnon snolt b y  a g e  class and sanple d a t e ,  Kvichak River, 1981. ----------------------------------------------------------------------------------- 

AGE I AGE I1 ----------------------------------------------------------------------------------- 
iiEAN HE AN HE A #  MEAN 

DATE LENGTH S.E. UEIGHT S.E. N LENGTH S.E, UEIGHT S.E. H ................................................................................... 
5114 79.150 1.456 4.910 0.218 20 0. 0. 0. 0. 9 
5115 65.000 0. 2.500 0. 1 0. 0. 0. 0. 9 
s f 1 6  04.026 0.913 5.450 0.187 10 112.090 1.355 12.320 0.430 21 
5/17 8?,532 0.773 6.284 0.175 31 106.500 4.445 10.320 1.285 4 
5 / 1 8  90.061 0.46? 6.735 0.104 77 110.940 2.256 11.583 0.311 12 
s= ? I 85.630 1.530 5.730 0.475 4 195.000 5.416 12.470 1.793 5 
5!20 8j.Oj0 1.427 9.772 0.323 23 112.567 1.835 12.622 0.479 13 
5/21 85.819 0.527 5.513 0.100 88 114,4?0 2.325 12.462 0.309 0 

J 

c ,.A, j 7 q  88.251 0.484 5.164 0.110 41 108.035 1.833 10.300 0.491 ? 

5/23 87.734 8.304 5.777 0.070 153 107.779 2.055 9.923 0.529 17 
5 / 2 4  95.975 0.255 " " '  . J . J ~ /  5.060 119 115.000 0. 10.500 0. I 
5 / 2 5  84.890 0.305 5.253 0.059 115 107.567 0.558 9.820 0.262 5 
5 / 2 5  83.217 0.334 5.015 0.064 118 106.04t 0. 9.205 0. 9 

L 

5/27 W . B ? B  0.527 4.875 8.0?? 33 lf4.3i6 1.025 12.466 9.349 29 
5 / 2 8  32.454 0.507 5.007 0.108 93 97.080 1.142 3.748 0.297 27 
5 / 2 9  85.358 0.542 9.657 0.110 89 10?.067 0.a47 10.61S 0.335 2b 
9 / 3 0  85.805 0 . 4 3 3  5.594 0.0a8 ?3 107.065 1.331 10.324 0.593 23 
5 /31 82.282 0.453 5.133 0.086 116 109.965 0.797 3.263 1.450 4 
6 i  1 83.828 0.165 5.220 0.071 112 110.933 4.772 10.357 1.353 3 
A :  2 84.008 0.34t 5.255 0.068 89 108.000 0. 10.200 0. 1 
d / 3  83.171 0.427 5.056 0.092 99 105.903 1.131 9.988 0.259 21 
6 / 4  82.330 0.310 5.105 0.085 84 110.336 1.864 11.460 0.848 6 
& /  5 85.305 0.326 5.331 0.065 114 110.146 1.887 11.430 0.371 b 
5 /  6 85.509 0.410 5 . 5 0 3  0.004 60  0. 0.  0. 0. 0 
5! 7 85.283 0.277 5.325 0.057 89  99.000 0. 8.200 0. 1 
5 /  8 34.970 0.546 5.280 0.124 30 0. 0. 0. 0.  0 _---_--_-_-__---------------------------------------------------------------------- 
HEAN 85.345 5.454 108.279 10.152 
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Appendix Table 1. Water temperatures ( " C )  d u r i n g  smol t s tud ies ,  Kvichak 
R ive r ,  1963 t o  1981. 

- - - 

Year S t a r t  End Minimum Maximum Mean 
- - --- 

1963 5/16 6/14 2.22 8.89 5.5 

1964 5/ 18 6/14 0.00 5.6 2.6 

1965 5/17 6/11 0.00 8.9 4.4 

1966 5/16 6/ 26 0.00 11.1 4.7 

1967 5/ 17 6/ 20 1.1 9.4 6.9 

1968 5/12 6/12 3.3 8.3 5.4 

1969 5/ 16 6/ 18 0.3 7.8 3.9 

1970 5/13 6/07 2.8 11.1 6.8 

1971 5/17 6/ 20 1 . I  3.3 2.4 

1972 5/18 61 18 0.6 5.0 2.9 

1973 5/15 6/14 2.9 8.9 4.9 

1974 5/13 6/09 3.0 8.0 6.2 

1975 51'1 7 6/15 2.0 8.0 3.8 

1976 5/18 6/ 19 2.0 9.5 3.9 

1977 5/17 6 /  14 3.0 9.5 6.4 

1978 5/19 6/ 09 5.0 11 - 0  7.6 

1979 6/01 6/10 8.0 10.0 8.6 

1980 5/16 6/ 18 1.5 9.0 5.5 

1981 5/15 6/09 7.0 10.0 8.2 

Mean 5.3 



Appendix Tab le  2. Age, l e n g t h ,  we igh t ,  and ou tm ig ra t i on l  e s t i m a t e  o f  
sockeye salmon smo l t .  
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1971-1981 outmi g r a t i o n  es t ima tes  based on sonar enumerat ion.  



1981 EGEGIK R I V E R  SOCKEYE SALMON SMOLT STUDIES 

B r i an  G. Bue 
Alaska Department o f  F ish  and Game 

D i v i s i o n  o f  Comnercial F i she r i es  
Anchorage, A1 as ka 

INTRODUCTION 

A f e a s i b i l i t y  s tudy was conducted i n  1981 on t h e  Egegik R ive r  t o  eva luate 
i t s  p o t e n t i a l  as a  sockeye Salmon (Oncorhynchus nerka) Sm01t sonar p r o j e c t  
l o c a t i o n .  The Egegik R ive r  system i s  a  major sockeye salmon producing 
system f o r  which almost no h i s t o r i c  smol t  abundance data e x i s t s .  Th is  data 
i s  necessary t o  more accura te ly  f o recas t  r e t u r n s  o f  adu l t s  and t o  a s s i s t  i n  
e s t a b l i s h i n g  optimum escapement l eve l s .  

S p e c i f i c  ob jec t i ves  o f  t he  1981 p r o j e c t  were t o  c o l l e c t  data on ou tmig ra t ion  
abundance and t im ing ,  phys ica l  a t t r i b u t e s  o f  t h e  smolt ,  and c l i m a t o l o g i c a l  
and hydro log ica l  fea tu res .  A water v e l o c i t y  model was a l so  developed t o  
c o r r e c t  f o r  t i d a l  i n f l uence .  

METHODS AND MATERIALS 

S i  t e  Locat ion 

The sonar s i t e  was loca ted  a long a  r e l a t i v e l y  narrow p o r t i o n  o f  t he  Egegik 
River ,  4 km below t he  o u t l e t  o f  Becharof Lake and j u s t  upstream from the  
lagoon (F igure  1  ) .  I t had a  un i fo rm bottom and was p ro tec ted  from en t ra ined  
a i r  caused by h igh  winds and by t he  rap ids  a t  the  o u t l e t  o f  t he  l ake  making 
i t  an i d e a l  sonar s i t e .  Fyke n e t t i n g  was conducted 1  km downstream from 
Becharof Lake on t he  n o r t h  s i de  o f  t he  r i v e r .  

Sonar Arrays 

The smolt  counter  used i n  1981 was a  1972 model, 2  a r ray  smol t  counter  o r i -  
g i n a l l y  designed f o r  t h e  Kvichak River  smolt  p r o j e c t .  Th is  system u t i l i z e d  
two 3.2 rn p l a s t i c  ladder  a r rays .  Each a r ray  housed seven upward f a c i n g  
transducers.  The 1976 model #5117 transducers (10 smol t / coun t )  were used 
r a t h e r  than the  o r i g i n a l  #5001 because o f  the  improvements i n  accuracy 
incorpora ted  i n  the  #5117. I n s t a l l a t i o n  and opera t ion  o f  t he  sonar count- 
i n g  system was s i m i l a r  t o  t h a t  used on the  Kvichak River  (Randall  1977). 
On 14 May the  a r rays  were placed i n  the  water and tested.  The slow c u r r e n t  
o f  the  Egegik R ive r  g r e a t l y  f a c i l i t a t e d  t he  placement and removal o f  the  
ar rays.  The inshore and o f f sho re  a r rays  were placed a t  40 and 50 m from 
the west bank, r e s p e c t i v e l y  (F igure  2 ) .  The r i v e r  v e l o c i t y  on t he  c o n t r o l  
was manually s e t  a t  2.5 f p s  and remained so throughout t he  du ra t i on  o f  t he  
p r o j e c t .  Counting began a t  1200 hours, 15 May. 
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F i g u r e  1 .  Egegi k smolt sonar and  f y k e  ne t  s i tes ,  1981. 
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River Velocity Observations 

The Egegik River i s  subject to t idal  influence a t  the sonar s i t e  causing 
the r iver  velocity to  f luctuate  w i t h  the ebb and flood. A difference 
between actual r iver  velocity and the velocity which i s  s e t  on the counter 
causes erroneous counts in d i rect  proportion t o  the r a t i o  between the two 
veloci t ies .  In order- to  develop a s t a t i s t i c a l  model to  estimate hourly 
veloci t ies  fo r  correcting hourly counts, r iver  levels were recorded in front  
of the smolt t en t .  These r iver  levels  were then related t o  r iver  velocity 
measurements taken during both the flood and ebb with a pygmy Gurley meter. 
River veloci t ies  were taken a t  the surface, and a t  0.6 and 1.2 m below the 
surface. The mean of these three veloci t ies  was then related t o  the corres- 
ponding r iver  1 eve1 . 
Age-Weight-Length Sampling 

Samples from fyke net catches were used to  determine mean lengths, weights, 
and age composition of the outmigrating smolt. A standard 1.2 x 2.1 m fyke 
net was fished in 1 m of water approximately 3 km upstream from the sonar 
s i t e .  An e f fo r t  was made to  col lec t  30 smolt daily a t  2300 hours. Periodic 
attempts were made to  co l l ec t  smolt a t  other hours as time allowed. 

RESULTS 

Climatological and Hydrological Observations 

Weather and r iver  conditions were recorded a t  the sonar s i t e  from 15 May 
through 8 June (Table 1 ) .  There was no ice encountered in 1981 as Becharof 
Lake was ice-free when the crew arrived a t  the sonar s i t e .  Ice does not 
appear t o  be a major problem on the Egegik River largely because of the 
breaking action of the rapids and the geography of the r iver .  The mean a i r  
and water temperatures were 13.4"C and 7.28"C, respectively. The mean water 
temperature during the peak outrni gration period (1 9-23 May) was 5.6"C. 

River Velocity Observations 

During the course of the project ,  56 water veloci t ies  were taken a t  d i f ferent  
t ide  stages and water levels .  The data were divided in to  a r i s ing t ide  group 
and a fa l l ing  t ide  group. Within each group water velocity was l inearly 
regressed against water level (Table 2 ) .  The resu l t s  indicated strong rela-  
tionships between t ide  stage and velocity fo r  both r is ing t ide  ( r 2  = 0.96, 
n = 2 2 )  and fa l l ing  t ide  ( r2  = 0.89, n = 31). 

Water levels  were recorded hourly as often as possible (Table 3 ) .  From the 
water level readings and the water velocity models, hourly water veloci t ies  
could have been generated and subsequent correction of the sonar counts could 
have been made. These corrections were not actually implemented because of 
problems with the counter and incomplete water level data. 

Sonar Counts 

The counter was found to  be undercounting until  2 June when i t  was adjusted. 



Table  1 . C l i m a t o l o g i c a l  and stream observat ions ,  Egegik R ive r ,  15 May - 8 June 1981. 

-- -- -- -- 
A i r  Temp Water Temp. P r e c i p i t a t i o n  

Sky W i ~ i d ( M P H ) D i r e c t i o i ~  "C " & (cm) -- Turbid%- 
Date 0900 2100 0900 2100 Max. Min. 0900 21 00 24 hours 0900 hr-. 

5/ 20 2 2 25E 10E 15 9 5 5.5 0 
5/21 1 2 25E 10E 1 7 5 5.5 6 0 
5/22 2 2 20E 5 E 19 7 5 5 0 
5/ 23 1 3 calm calm 2 5 2 6 8 0 
5/24 3 1 calm calm 26 5 8 9 0 

5/25 1 1 10E 5E 24 3 8 8 0 1 
1, 5/26 1 1 calm calm 28 5 8 9 0 1 
Y' 5/27 1 4 2 5E 10E 18 5 9 7 .50 1 

51 28 3 4 calm calm 18 7 7 7 T 1 
51 29 2 4 calm c a l m  18 8 8 8 .25 1 

51 30 2 3 15E 1 OE 20 7 8 8 .10 
5/31 4 4 calm 15NW 20 5 8 8 .O% 
61 1 3 4 5E 1 5E 19 8 8 8 .03 
61 2 4 3 10E 5E 14 5 8 8 .25 
6/3 4 3 IONW calm 2 5 7 8 8 T 

61 4 3 3 calm calin 24 7 8 8 .15 
6/5 3 3 calm calm 28 8 8 8 0 
61 6 3 3 calm calm 18 7 8 8 .08 
6/ 7 3 4 5E calm 12 5 8 7 -43 
6/8 4 4 calm calm 15 8 7 8 .28 
- 
Sky codes: 1  - c l e a r  sky,  c loud  c o v e r i n g  n o t  more than  1/10 o f  sky.  T u r b i d i t y  codes : 1 - c l e a r  

2 - c l o u d  cove r ing  n o t  more than 1/2 of sky. 2 - l i g h t  t u r b i d i t y  
3 - c l o u d  c o v e r i n g  more than  1/2 of sky .  
4 - comp le te l y  overcast .  
5 - fog .  



Table 2. Water velocity observations, Egegi k River, 1981 

Risinq Tide 

Water level 

1.05 
1.10 
1 .15 
1.20 
1.25 
1.30 
1.40 
1.45 
1.63 
1.65 
1.70 
1.73 
1.75 
2.45 
2.50 
2.55 
2.60 

2.85 

Fallinq Tide 

Water level 

Rlver velocity 

2.63 
2.66 
2.65 
2.50 
2.38 Linear Regression 
2.33 y = a + b x  
2.28 x = water level 
2.24 y = r iver  velocity 
1.93 a = 3.40 
1.97 b2= 0.80 
1.93 r =r3.96 
1.92 n = 22 
1.96 
1.34 
1.29 
1.28 
1.28 
1.32 
1.31 
1.28 
1.27 
1.31 

R i  ver velocity 

Linear Regression 
y = a +  bx 
x = water level 
y a r ive r  veloci ty 
a = 3.27 
b2s=-0.41 
r 0.89 

n = 31 
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Due t o  su r f ac i ng  d i f f i c u l t i e s ,  the  data from the  o f f sho re  a r ray  i s  quest ion-  
ab le  p r i o r  t o  2  June, a l though the  inshore a r ray  produced good index and 
t i m i n g  data throughout t he  season. Table 4  shows t he  d a i l y  raw counts f o r  
the p r o j e c t .  An es t ima t i on  of t he  ac tua l  raw counts which would have been 
t a l l i e d  on t he  inshore data was made by comparing the  means o f  t he  raw 
counts 4 days on each s i de  o f  t he  adjustment day. Th is  i n d i c a t e d  t h a t  the  
peak o f  t he  ou tmig ra t ion  occurred between 19 and 23 May. Coho salmon (0. 
kisutch)  smolt  were observed i n  s i g n i f i c a n t  numbers i n  t he  sample on 30 May. 
From t h a t  p o i n t  on, data regard ing  t he  coho t o  sockeye r a t i o  were c o l l e c t e d  
and t he  sockeye counts were ad justed.  The est imated t i m i n g  and magnitude 
o f  t h e  sockeye smol t  ou tm ig ra t ion  i s  shown i n  F igure 3. 

Age-Weight-Length 

I n  1981, 549 sockeye smol t  were sampled f o r  age, weight,  and length.  D a i l y  
mean weights and leng ths  a re  presented i n  Table 5. The est imated age compo- 
s i t i o n  of t h e  t o t a l  ou tm ig ra t ion  was 48% Age I, 48% Age 11, and 4% Age 111. 
The est imated mean weights were 9.1 g  Age I, 14.6 g  Age 11, and 19.1 g  Age 
111. Mean leng ths  were 104.5 mm Age I, 121.5 mm Age 11, and 128.3 mm Age 111. 
Appendix Table 1  prov ides t he  h i s t o r i c  smol t  age composit ion, weight,  and 
l e n g t h  data a v a i l a b l e  s ince  1939. 

Coho smol t  began t o  appear i n  t he  samples i n  s i g n i f i c a n t  numbers on 30 May. 
These were a l s o  sampled (n = 18) and found t o  a l l  be Age I 1  w i t h  a  mean 
weight  and l eng th  o f  27.1 g  and 141.0 mm, respec t i ve l y .  



Table 4.  Egegik River sockeye salmon smolt counts by a r ray ,  1981. 

Adjusted 
Date Inshore Array Offshore Array Inshore Array 

Adjusted by comparing the  mean of the inshore counts f o r  4 days p r i o r  
to  adjustment t o  the  mean of the  inshore count 4 days a f t e r  the  adjus t -  
ment and then subt rac t ing  the estimated coho counts. 

Adjustment day. 
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Table  5. Mean length  (mm), mean weight ( g ) ,  standard dev ia t ion  ( s ) ,  and sample s i z e  (n )  f o r  sockeye salmon smolt 
by age c lass  and sample date ,  Egegik R iver ,  1981. 

AGE I AGE I1 AGE I 1 1  

Date 
Mean 

Length s 
Mean Mean !lean Mean Mean 

Weight s n Length s Weight s n Length s Weight s n 

Seasonal 
Mean 104.47 
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1981 WOOD RIVER SOCKEYE SALMON SMOLT STUDIES 

Wesley Bucher 
Alaska Department of Fish and Game 

Division of Commercial F isher ies  
Dil lingham, Alaska 

INTRODUCTION 

Annual sockeye salmon (Oncorhynchus nerka) smol t migrations out  of the 
Wood River Lakes system range between 20 and 100 mi l l ion  f i s h  over about 
a 90-day period (approximately 1 June - 30 August) each summer. Reliable 
est imates  of the  number of smolts leaving the  system a r e  required f o r  fore-  
cas t ing  fu tu re  a d u l t  re turns  and studying optimum escapement t o  the spawn- 
ing grounds. 

A program t o  enumerate smolt by sonar was i n i t i a t e d  i n  1975 because various 
index programs operated p r i o r  t o  t h a t  time proved t o  be of l imited value in  
forecas t ing  fu tu re  runs. The sonar pro jec t  has continued through 1981 with 
the major objec t ives  being: (1 ) est imating numbers of outmigrating smol t ,  
and (2 )  determining the  q u a l i t a t i v e  aspects  of the smolt run (age composi- 
t i o n ,  mean length,  weight,  and incidence of t he  p a r a s i t e  (Triaenophorus 
crassus). 

METHODS AND MATERIALS 

Sonar Arrays 

The same four  transducer a r rays  and e l ec t ron ic  control u n i t  used s ince  1976 
(Krasnowski 1975, 7977) were used again in  1981. The system cons i s t s  of 40 
transducers mounted in  four  ladder- l ike a r r ays ,  each monitored separa te ly  on 
the r i v e r  bottom. The 10 transducer cables  from each ar ray  a r e  taped together  
and the  e n t i r e  bundle i s  secured t o  the r i v e r  bank with a s a fe ty  l i n e .  The 
four  cable bundles a r e  connected t o  t he  e l ec t ron ic  counting u n i t  which i s  
powered by a 12-volt  ba t te ry .  The counter i s  kept in  a wall t e n t  where 
technicians control  and monitor the  system. Placement of the  gear has been 
in  the  same locat ion in  the  r i v e r  each year  s ince  1975. 

I n s t a l l a t i o n  and operation of the  gear was s imi l a r  t o  methods used in  1979 
and 1980 (Bucher 1980, 1981 ). The ar rays  were positioned in the r i v e r  so 
t h a t  dis tances from the  north bank of Arrays I ,  11, 111, and IV were: 20.7, 
34.4, 53.9, and 72.5 m ,  r espec t ive ly ,  

The arrays were i n s t a l l e d  in  the  r i v e r  on 30 May and the  counter was oper- 
a ted from 2100 unt i l  0300 hours t h a t  night .  The d a i l y  random counting 
schedule was begun on 1 June and continued through 0600 hours on 14 August. 
The sampling design and sonar data  co l l ec t ion  procedures were cons is ten t  



with those used in 1980 (Bucher 1981 ) .  The sonar gear was operated 75 hours 
(25 randomly selected 3-hour blocks) per 5-day sanple period. Array I was 
designated as the index array and operated during a l l  sampling hours. The 
other  three arrays were operated in a random sequence of 15-minute in terva ls  
within each hour, and these 15-minute counts were expanded t o  y ie ld  hourly 
counts f o r  each ar ray .  

Adjustment of Sonar Counts 

Wood River i s  affected by t i d a l  f luc tua t ions  throughout i t s  e n t i r e  length. 
As a r e s u l t  the  r i v e r  veloci ty f luc tua tes  continually with the flood and ebb 
of the  t i d e .  Because counts registered on the sonar a re  a function of r i v e r  
ve loc i ty ,  compensation must be made f o r  the  t i d a l  f luc tua t ions .  To compen- 
s a t e  f o r  changes i n  r i v e r  ve loc i ty ,  a flowmeter was permanently ins t a l l ed  in 
the r ive r  channel behind Array I .  The flowmeter, equipped with a remote 
d i g i t a l  readout, allowed technicians t o  si~nultaneously monitor r i v e r  velo- 
c i t y  while operating the sonar counter. As changes in r i v e r  ve loc i ty  occurred, 
the  technician changed the ve loc i ty  s e t t i n g  on the counter. This technique 
eliminated the need t o  estimate ve loc i t i e s  and correc t  the sonar counts a f t e r  
the season. 

I t  was s t i l l  necessary t o  determine the r a t i o  of the  r i v e r  ve loc i ty  behind 
each array t o  the  ve loc i ty  behind Array I ,  This array r a t i o  fac tor  ( A R F )  
was derived by measuring r i v e r  veloci ty behind Array 11, 111, and IV a t  a 
time not influenced by t ides  on o r  near the t h i r d  day of each sample period. 
The actual A R F ,  computed once each sanipl ing period, was the r a t i o  of ve loc i t i e s  
behind a given array t o  the average ve loc i ty  behind Array I ,  which was contin- 
uously measured by the flowmeter. Sonar counts f o r  Arrays 11, 111, and IV 
were adjusted by the A R F  t o  account f o r  differences in ve loc i ty  across the 
r ive r .  

During periods when the flowmeter was not properly functioning, the  sonar 
counter was operated a t  one ve loc i ty  se t t ing .  Periods of t i d a l  influence 
were taken in to  account by applying ve loc i ty  f ac to r s  t o  the raw sonar counts 
to y ie ld  corrected counts (Bucher 1980). Appendix Table 1 provides a summary 
of ve loc i ty  data used t o  adjus t  the counts throughout the season. 

After the  sonar counts were adjusted f o r  the actual r i v e r  ve loc i ty ,  they 
were expanded f o r  the e n t i r e  width of the r i v e r  by expansion fac tors  which 
were assigned t o  each array.  The expansion fac to r s  were a function of d i s -  
tance between the  individual arrays.  These f ac to r s  were as follows: Array 
I - 5.39, Array I1 - 4.96, Array I11 - 5.69, and Array IV - 5.66. 

Because the sonar system was not monitored 24 hours per day, counts were 
estimated by l i n e a r  interpolat ion f o r  those time periods not sampled. After 
in terpola t ion ,  counts were summed t o  y ie ld  a da i ly  to t a l  expanded count. 
Since the sonar system i s  a biomass counter designed t o  r e g i s t e r  one count 
f o r  the biomass equivalent of f ive  smolt, the da i ly  t o t a l  expanded count was 
multiplied by f i v e  t o  estimate the actual da i ly  smolt count. 

Age-Weight-Length Sampling 

Smolt samples were col lected f o r  age-weight-length analysis  during each 5-day 



sampling period. Samples were obtained by fyke n e t ,  which i s  the  preferred 
method f o r  co l l ec t ing  samples in  the Wood River (Bucher 1980). Sampling 
goals were s e t  a t  300 smolt per 5-day period o r  60 f i s h  per day. A fork 
length measurement and sca l e  samples were taken from each smolt. Weights 
were measured from a t  l e a s t  12 smolt per day and a l l  smolt were ex terna l ly  
examined f o r  presence of the  pa ra s i t e  Triaenophorus crassus. 

RESULTS 

Climatological and Hydrological Observations 

Daily water temperatures and lake level measurements recorded a t  the sonar 
s i t e  during the smol t outmigration a r e  presented i n  Table 1.  Maximum and 
minimum seasonal water temperatures were 17.5"C ( 4  August) and 5.4"C (28 May), 
respec t ive ly .  Mean lake depth recorded a t  -the ADF&G camp was 0.545 m .  A 
comparison of water temperatures and mean lake depth measurements f o r  the 
years  1975-1981 i s  presented i n  Appendix Table 2. 

Outmigration Estimates 

The sonar counter was operated f o r  15 five-day periods f o r  a t o t a l  of 75 days. 
The da i ly  raw and expanded sonar counts f o r  1981 can be found in  Appendix 
Table 3 .  A t o t a l  of 3,665,563 raw counts was enumerated. Of t h i s  t o t a l ,  39% 
were recorded by Array I ,  25% by Array I I ,  25% by Array I I I ,  and 11 % by Array 
IV. This seasonal d i s t r i b u t i o n  of smolt across  t he  r i v e r  i s  shown r e l a t i v e  
t o  the pas t  6 years  i n  Appendix Table 4. Expansion of the  raw counts yielded 
an estimated t o t a l  outmigration of 97,527,446 smolt. Table 2 l i s t s  the e s t i -  
mated smolt outmigration by age c l a s s  and sample period. The estimated da i ly  
t o t a l  outmigration i s  i l l u s t r a t e d  i n  Figure 1 .  

Age-Weight-Length 

A t o t a l  of 4,624 smolt was measured t o  determine mean length and age. Age 
composition est imates  and mean lengths by sample period derived from fyke 
ne t  sampling a r e  given in  Table 3. Seasonal mean lengths of Age I and Age 
I1 smolt were 88.0 mm and 96.3 m m ,  r espec t ive ly .  Age I smolt comprised 66% 
of t he  outmigration; Age I1 smolt comprised 34%, the  majority of which emi- 
grated during June and e a r l y  July.  A comparison of the  mean length of smolt 
by year  and age c l a s s  f o r  the  years  1951-1981 i s  presented in  Table 4. Mean 
weights f o r  t he  I981 season a r e  a l s o  given by sample period i n  Table 3. Mean 
weight of Age I smolt was 6.3 g while t h a t  of Age I1 smolt was 8.4 g. Mean 
weight data  by age c l a s s  a r e  ava i l ab l e  s ince  1977 and a r e  presented i n  Appen- 
d ix  Table 5. Age composition and mean length and weight of the  t o t a l  out- 
migration was weighted by the  outmigration est imate f o r  each sample period. 

Table 5 l i s t s  the estimated percentage of sockeye smolt infected by the  
cestode Triaenophorus crassus. Overal l ,  28.2% of t he  Age I smolt and 35.6% 
of the  Age I1 smolt were estimated t o  be infected by the  pa ra s i t e .  



Table 1. Water temperatures and i a k e  depths recorded a t  ADF&G cabin, Wood R i ve r ,  1981. 
- -- 

Water Lake Water Lake 
Date Temp. ( O C )  Depth (m) Date Temp. ( " C )  Depth (m) 

Mean 11.4 0.545 

Below gauge used du r i ng  p r i o r  years. 

-31 - 



Table  2. Es t imated smo l t  o u t m i g r a t i o n ,  by  age c l a s s  and sample pe r iod ,  
Wood R i v e r  , 1981 . 

Sampl e 
Per iod  

Age I 
n No. % 

Age I1  - 
n No. % T o t a l  

104 1,465,628 22.3 6,572,325 

85 2,238,950 29.3 7,641,466 

Age compos i t i on  o f  t h e  t o t a l  o u t m i g r a t i o n  weighted by o u t m i g r a t i o n  
e s t i m a t e  f o r  each sample p e r i o d .  





Table 3. Mean l e n g t h  (mn), mean weight (g),  var iance (s'), and sample s i ze  (n )  f o r  sockeye sal~non smolt  
by age c l a s s  and sample per iod, Wood River,  1981. 

AGE I AGE I I 

Seasonal means were der ived by weight ing the mean f o r  each sample per iod  by the t o t a l  ou tmig ra t ion  
est imate fo r  t h a t  per iod  (Table 2 ) .  

Sampl e Mean Mean Mean Mean 
Period Length 9 n Weight s2 n Length s2 n Weight s2 n 

1 5/28-61 3 80.0 22.1 362 4.0 0.9 44 91.5 58.5 104 7.4 2.4 16 



Table 4 .  liean length of spckeye salmon smol t by year and age c l a s s ,  Wood 
River, 1951-1981 . 

Year of Age I Age I 1  
Seaward Mean Length Mean Length 
Migration Percent tmm) - Percent - (mm) 

1951-81 Mean 
1951-66 Mean 
1975-81 Mean 

1951 -1 974 Data Source : ADF&G Bri st01 Bay Annual Management Report, 1974. 
Age and length weighted by estimated outmigration f o r  a given sample 
period based on a fyke ne t  index program. 

Program not in operation o r  incomplete da ta .  

Percentage not weighted by estimated outmigrati on by period. 



Table 5 .  Sample s i z e s  and estimated infec t ion  by the  cestode 
Triaenophorus crassus of Age I and Age I1 sockeye 
salmon smol t by sample period, Wood Ri ve ry  1981 . 

AGE I  

Sampl e Period n % T . C .  

A G E  I 1  

n % T . C .  

The overal l  percentage of smolt infected by the  pa ra s i t e  
T. crassus was derived by weighting the  percentage of 
in fec t ion  in  each sample period by the  t o t a l  outmigration 
est imate f o r  t h a t  period (Table 2 ) .  Infect ion was only 
determined by gross external observat ions.  



DISCUSSION 

Smol t Production 

The 1981 Wood River smolt r u n  was not average. The r u n  began ea r ly  with nearly 
a million smolt being enumerated the f i r s t  day t h a t  the sonar gear was operated. 
A s ign i f i can t  number may have outmigrated pr ior  t o  t h a t  time. Individual smolts 
were healthy, robust f i s h  with the Age I component averaging 88 mm in  length,  
considerably longer than the 1975-1981 average of 82 mm (Table 4 ) .  The Age I1 
smolt were not s ign i f i can t ly  longer than average, but ce r t a in ly  were more abun- 
dant ,  comprising nearly 34% of the outmigration. 

The 1981 outmigration of 33.2 mil l ion Age I1 smolt was over 2.5 times the pre- 
vious high (Table 6 ) .  Combined with the 1980 Age I outmigrants (46.3 mi l l ion ) ,  
a t o t a l  of 9.5 million smolt were produced from an escapement of nearly 2.3 
million sockeye in to  the  Wood River system in 1978 (Table 7 ) .  While the t o t a l  
smolt outmigration from the 1978 escapement was the  second l a rges t  recorded 
since the i n i t i a t i o n  of the sonar pro jec t ,  the estimated smolt production per 
spawner from t h a t  escapement was the lowest on record a t  35.0. 

Marine Survival 

Survival of srnolt outmigrating from Wood River was calculated completely f o r  
the 1973-1 975 brood years ,  and p a r t i a l l y  f o r  the  1976 and 1977 brood years.  
Table 8 shows the adu l t  returns by brood year f o r  Age I and Age I1 smol t t h a t  
emigrated from the Wood River f o r  the years t h a t  the sonar project  has been 
in operation. Comparison of the percent survival of Age I1  smolt indicates  a 
dramatic change between 1974 and 1975. The 6, adul t  return in 1981 was res- 
ponsible f o r  a la rge  portion of the very high survival (12.52%) of Age I1  
smolt from the 1975 brood year.  This was a nearly three-fold increase from 
the 1974 survival r a t e  of 3.74%. Survival of Age I1 smolt from the 1976 brood 
year was a l so  high a t  10.04%. Although not a l l  Age I1 smolt from the 1976 
brood year  have returned, survival of one- and two-ocean sockeye has been 
extremely high. 



Table 6. Summary of smolt  o u t m i g r a t i o n  b  year  and age c lass ,  Wood R ive r ,  Y 1975-1 981 , i n  m i l  1  i o n s  o f  smol t . 

Year o f  
Outmigrat ion Age I Age I1  T o t a l  

T o t a l l y  expanded sonar counts, d e r i v e d  b y  expansion f a c t o r  o f  ( 5 )  
smol t  p e r  count.  

Table 7. Summary o f  smol t  o u t m i g r a t i o n  by brood year  escapements, by age 
c l a s s ,  i n  m i l  1  i ons  o f  smol t and smol t produc t ion  per  spawner, 
Wood R ive r ,  1972-1979. 

Brood Smol t Produc t ion  
Year Escapement Aqe I Acle I1 To t a  1 Per Spawner 



Table 8. Wood River sockeye salmon escapement, smolt  production and a d u l t  r e t u r n s  ( i n  m i l l i o n s  of f i s h )  and 
marine su rv iva l  by brood y e a r .  

Brood Age I 2 - f res  hwater Percent Age I1  3-freshwa ter Percen t  
Year Escapement Smol t Adult Return Survi val Smo? t Adult Return Survival  

-- -- - - -- -- -- - -- 

Incomplete d a t a .  

2 53 only.  

32 and 42 only.  
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Appendix Table 1 .  Standard v e l o c i t y  f a c t o r s  by sample period and a r r a y  r a t i o  
f a c t o r s  by sample period and a r r a y ,  Wood River sonar s i t e ,  
Alaska, 1981. 

1 Array I11 was o r i g i n a l l y  designated a s  the index a r r a y ,  but was changed t o  
Array I on the 5th sample day of  this per iod.  

Sample 
Period 

A continuous r i v e r  v e l o c i t y  reading taken a t  time of ARF measurements was 
used a s  the d i v i s o r  from this period on. 

Standard 
Veloci ty  

Factor 
( Index Array) Array Rat io  Factor 



Appendix Table 2 .  Mean wa te r  temperature  and l a k e  depth,  Wood R i v e r  sonar 
s i t e ,  1975-1981. 

Temperature (OC) - Depth (m) 
Year P r o j e c t  Dates Minimum Maximum Mean Mean Range 



Appendix Table 3. Wood R i ve r  sockeye salmon smol t  ou tm ig ra t i on  est imate by day and a r ray ,  1981. 

Pb. Day 

FI V E  DAY TOTAL 
I 

UP TO DATE TOTAL 
P 
W 
I 6 4 

6 5 
6 4 
6 7 
6 8- 

F I V E  DAY TOTAL 
UP TO DATE TOTAL 

F I V E  DAY TOTAL 
UP TO DATE TOTAL 

Daily Raw Counts 

Array 
2 3 4 

Daily Expanded Counts 

Asray 

1 2 3 4 

78834 47353 33157 17119 
33127 27544 37537 18672 
75363 37393 27773 17920 

225906 59586 51489 32585 
263258 8977% 103751 36326 

676488 261649 253707 122621 
676488 261649 253707 122621 

173369 57237 06841 24610 
141132 62926 53281 19425 
52472 46412 96571 18010 
30022 32792 48234 41629 

150101 138543 223987 30700 

547096 33791 0 50891 4 134374 
1223584 599559 762620 256995 

39601 18943 35062 0917 
25171 12110 17116 15214 

208635 41583 23913 16330 
129093 36633 26830 8007 
319186 51891 20190 25264 

721766 161160 12311 1 73792 
1945350 760718 885731 330787 

Daily EXpanded Total 

( W e d  Counts x 5) 



Appendix Table 3.  Wood R i v e r  sockeye salmon smol-t outmi g r a t i o n  es t ima te  by '  day and a r r a y ,  1981 (con t inued) .  

Mo. Day 

Daily Raw Counts Daily Ekpded Counts 

Array Array 
1 2 3 4 1 2 3 4 

F I V E  DAY TOTAL 185372 55317 37049 15712 999153 259437 210806 88929 
UP TO DATE TOTAL 546290 217517 192713 74155 2944504 1020156 1096537 419716 

b -!==. 
I F I V E  DAY TOTAL 93976 36762 28454 23128 506532 172412 161905 130906 

F I V E  DAY TOTAL 130345 89079 90780 26344 702559 417779 516537 149107 
UP TO BATE TOTAL 770611 343357 311947 123627 4153594 1610346 1774979 699730 

F I V E  DAY TOTAL 262722 76344 45675 16123 1416074 359930 259893 91254 
UP TO DATE TOTAL 1033334 420102 357622 139750 5569668 1970277 2034872 790983 

Daily Expar~Ied Total 

(Expanded Counts x 5 )  



Appendix Table 3 .  Wood River sockeye salmon smolt outmigration estimate by day and a r ray ,  1981 (continued). 

Daily Raw Counts Daily EXgmded Counts Daily Expanded Total 

Array 
( w d e d  Counts x 5) Pb. Day 

F I V E  D A Y  TOTAL 
UP TO DATE T O T A L  

I 
F I V E  DAY T O T A L  

UP TO D A T E  T O T A L  

F I V E  DAY TOTAL 
UP TO D A T E  T O T A L  

F I V E  DAY TOTAL 
UP TO D A T E  T O T A L  





Appendix Table 4.  Smolt d i s t r i b u t i o n  from raw sonar  coun ts ,  by a r r a y  and 
y e a r ,  Wood River,  1975- 1981 . 

Percentage of Total  Counts 
Year Array I Array I1  Array I 11 Array IV 

I Only two a r r a y s  were used i n  1975. 



Appendix Table 5. Mean we igh t  and sample s i z e  o f  Wood R ~ V B ~  smol t  by age 
group, 1977-1 981 . 

L 

~qeIziGzE=~aefL Mean Wt. (9) 
n wt.u n 

1977 3.5 28 11 9.3 - - 37 3 
1978 - - 
1979 7.6 953 10.1 121 
1980 4.0 8 44 6.8 55 
1981 6.3 615 8.4 284 

5.4 8.7 .. -. 

Nk, data 



1981 SNAKE R I V E R  SOCKEYE SALMON SMOLT STUDIES 

John J. Laner 
Alaska Department o f  F i sh  and Game 

D i v i s i o n  o f  F isher ies  Rehab i l i t a t i on ,  
Enhancement , and Development 

Di l l ingham, Alaska 

INTRODUCTION 

Lake Nunavaugaluk was chosen as t he  s i t e  f o r  a  sockeye salmon (Oncorhynchus 
nerka) f r y  p roduc t ion  f ac i  1  i t y  t o  supplement severe ly  depressed na tu ra l  pro-  
duct ion.  P re l im inary  s tud ies  on t he  l ake  were i n i t i a t e d  i n  1974 t o  es t imate  
the  number o f  sockeye salmon j u v e n i l e s  t h a t  the  l ake  was capable o f  support-  
ing.  While these s tud ies  i d e n t i f i e d  the  l o c a t i o n  and ex ten t  o f  impor tan t  
shal low water r e a r i n g  areas, no est imate was made o f  how many f r y  t he  lake  
could  suppor t  (Jaenicke, Mattson, and Hoffman 1978). The number and age o f  
sockeye salmon smolts m i g r a t i n g  f rom t h e  l ake  was determined t o  eva luate 
f reshwater s u r v i v a l  and p roduc t ion  of sockeye salmon ~ u v e n i  l es. Un fo r tuna te ly ,  
est imates o f  t he  t o t a l  number o f  smolts l eav i ng  t he  l ake  were n o t  considered 
t o  be r e l i a b l e  s ince f yke  ne t  sampling cou ld  n o t  be i n i t i a t e d  u n t i l  a f t e r  t h e  
l ake  was i ce - f r ee .  It was hypothesized t h a t  50% o f  t h e  t o t a l  m i g r a t i o n  had 
occurred p r i o r  t o  t h i s  t ime (Thomason and Jaenicke 1979). 

From 1979 u n t i l  present,  F i she r i es  Rehab i l i t a t i on ,  Enhancement, and Develop- 
ment D i v i s i o n  (F.R.E.D.) o f  t he  Alaska Department o f  F i sh  and Game has been 
con t i nu i ng  t he  e f f o r t s  t o  prov ide accurate est imates o f  smol t  m i g r a t i n g  f rom 
Lake Nunavaugal uk. Dur ing 1981 s p e c i f i c  ob jec t i ves  o f  F. R. E.D. D i v i s i o n  
f i e l d  s tud ies  were: ( 1  ) t o  determine whether l a r g e  numbers o f  smolt  leave 
t he  l ake  p r i o r  t o  o r  dur ing  i c e  breakup, ( 2 )  t o  sample smolt  m i g r a t i o n  t o  
o b t a i n  i n f o rma t i on  on t o t a l  number l eav i ng  l ake  a f t e r  i c e  breakup, ( 3 )  t o  
est imate age and s i z e  composi t ion o f  smol t  l eav i ng  the  lake ,  and ( 4 )  t o  develop 
and improve techniques f o r  enumerating t o t a l  smolt  m ig ra t ion .  

METHODS AND MATERIALS 

Study Area 

Dur ing i c e  breakup i n  1981 smolt  sampling was conducted a t  two s i t e s  near t h e  
o u t l e t  o f  Lake Nunavaugaluk. O u t l e t  w i d t h  was about 1000 m and water depth 
ranged from 1  .4  m t o  3.6 m. A f t e r  i c e  breakup smol t sampl i n g  was conducted 
w i t h i n  Snake R iver ,  about 100 m below the  o u t l e t .  R ive r  c h a r a c t e r i s t i c s  mea- 
sured i n  1981 were as f o l l o w s :  r i v e r  w i d t h  was approximately 47.5 m, depth 
ranged from 0.3 - 0.9 m y  and cu r ren t  speed va r i ed  from 0.8 - 1.3 mps. Th is  
s i t e  was t he  same used i n  a l l  prev ious Lake Nunavaugaluk smolt  s tud ies  ( F r i e d  
and Laner 1980; Thomason and Jaenicke 1979). 



Outmi gration Estimate 

Before and during ice breakup smolt were captured using sinking variable 
square mesh (3.8,  3.2, 2.5, 1.9, and 1.3 cm) g i l l  nets. Two g i l l  nets were 
fished continuously from 2000 hours 27 April unti l  1930 hours 10 May. 
Sampling was discontinued between 11 May and 12 May because of heavy ice  
passage. 

Outmigration estimation was conducted from 16 May until  25 June using three 
Incline Plane Traps (IPT). Traps were modified versions of those used by 
the Department of Fisheries of Canada (Todd 1966). The IPT's were 3.05 m 
in length w i t h  a mouth opening of 0.6 x 0.9 m .  Each IPT was fished contin- 
uously a t  an assigned sampling s i t e :  one in mid-river and one near each bank. 
The IPT's were held in place by a cable stretched across the r iver .  

Outmigration estimates were determined through mark and recapture techniques. 
Smolt t o  be marked were placed in a solution of Bismarck Brown Y and water 
(1.25 g/37.8 1 i t e r s )  f o r  45 minutes. Dyed smol t were then transferred to  
l ive  boxes and released upstream of the sampling s i t e s .  Catches made between 
16 May and 25 June were used t o  estimate actual number of migrating smolt. 
Catches made before 16 May were used as migration indices. 

A sampling day consisted of a 24-hour period (2300-2259 hours). Upon comple- 
t ion of each IPT sampling period, a l l  smolt were removed from the l ive  boxes, 
transported t o  shore, counted (marked and unmarked), and placed in a holding 
pen. 

Total smolt migration from 16 May unti l  25 June was estimated using the follow- 
ing formula: 

N = n (D/d)  [ I  + D-d/Dd], where 

N = estimated to ta l  number of smolt leaving lake during sampling 
season, 

D = number of dyed smolt released, 

d = number of dyed f i sh  recaptured, 

n = number of f i sh  caught in traps during period of in te res t .  

The variance estimate about the outmigration estimate i s  adapted from Cochran 
(1978) and presented by Rawson (1 981 ) as follows: 

var ( N )  = n ( n + d )  D (D-d)/d3 

s.d. ( N )  = Ja) = s 



Age-Wei ght-Length 

Toward the end of each sampling day a random sample of 20 smolt was taken 
from a holding pen, anesthetized with t r i ca ine  rnethanesul fonate (MS-2221, 
measured for  fork length, weighed ( a f t e r  blott ing d ry) ,  and a scale smear 
taken. On days when the to ta l  catch was l ess  than 20 smolt, a l l  smolt i n  
the pen were sampled. A17 smolt were returned to  Snake River below the IPT 
fishing s i t e  prior  to  the s t a r t  of each new sampling day. 

Smolt scales were mounted on glass microscope s l ides  in the f i e l d  and l a t e r  
viewed under a microfiche reader. Scale patterns were interpreted using 
c r i t e r i a  developed by Thomason (1979) for  Snake River sockeye salmon smolt. 
To estimate age composition, mean length, and mean weight for  the to ta l  
smolt migration, the sampling season was divided into e ight  periods of 5 
days duration. Age composition by period was estimated from scale samples, 
These values were then multiplied by the to ta l  smolt migration estimates f o r  
corresponding periods t o  obtain the estimated number of each age c lass  pre- 
sent by period. A seasonal to ta l  fo r  each age c lass  was obtained by adding 
a l l  period to ta l s .  Mean length and weight for  each age c lass  by period were 
calculated in a similar  manner, and weighted by period t o t a l s  to  provide a 
seasonal mean. 

Coded Wire Taggi ny  

Sockeye smolt were coded wire tagged (CWT) from 14 May until  5 June. Two 
1.2 x 1.2 m fyke nets with attached l ive  boxes were used t o  capture smolt fo r  
tagging. A t  the end of each sampling day f i sh  were transported t o  shore from 
the l ive  boxes and placed in holding pens. The following day the smolt were 
anesthetized with MS-222, adipose f i n  clipped and tagged with a fu l l  length 
CWT. Upon completion of each day's tagging a l l  b u t  100+ f i sh  were released 
downstream of the sampling s i t e .  The 100t f i sh  were retained for  a 24-hour 
period, then anesthetized and passed through a quali ty control device t o  
determine percent tag retention. 

RESULTS 

Cl imatological Observations 

Daily water temperatures recorded from Snake River near the ou t le t  of Lake 
Nunavaugaluk a re  presented in Table 1.  Maximum and minimum seasonal water 
temperatures were 1 2.Z°C and 3.5"C, respectively, with a seasonal mean of 
7.2"C. All temperatures were recorded between 2400 and 0100 hours. 

Outmi gration Estimates 

Fifty-nine Arctic char were captured in index g i l l  nets during the period of 
27 April - 10 May. Stomach analysis revealed a mean of 0.15 smolt per char 
stomach. No sockeye smol t s  were captured during the period of 27 April - 
9 May. On 10 May three sockeye smolt were captured. 

Small catches of smolt and the low mean number of smolt per char stomach 
suggests that  only small numbers of smolt l e f t  the lake before 11 May. Due 



Table 1 .  Surface water temperatures recorded from Snake River,  near Lake 
Nunavaugal u k  o u t l e t ,  dur ing Inc l i ne  Plane Trap sampl ing f o r  sockeye 
salmon smolts i n  1981. 

Temp. Temp. 
Date (C) Date (C) 

May 11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1 

22 

23 

2 4 

2 5 

2 6 

2 7 

28 

2 9 

30 

31 

June 1 

2 

June 3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18  

19 

20 

2 1 

22 

23 

2 4 

25 

MEAN 7.2 



t o  heavy i c e  f lows ,  no index sampling occurred dur ing 12-13 May. Index fyke 
ne t  sampling was i n i t i a t e d  dur ing t h e  per iod of 14-15 May. Smolt age s t r u c t u r e  
f o r  14-15 May were 88% Age I and 12% Age 11. 

IPT sampling t o  e s t i m a t e  t o t a l  sockeye smol t  outmigrat ion began a t  2300 hours 
16 May and continued u n t i l  2300 hours 25 June.  Releases o f  dyed f i s h  occurred 
on 20 May and 26 May with  961 and 820 smol t  r e l e a s e d ,  r e s p e c t i v e l y .  Total  
number of marked f i s h  recaptured was 23. An es t imated 923,628 (95% CI: 
526,535; 1,281,009) sockeye salmon smol t m i  g ra ted  seaward dur ing t h i s  t ime 
per iod (Table 2 ) .  Peak migrat ion occurred on 25 May and represen ted  11% o f  
t h e  t o t a l  c a t c h  (Table 3 ) .  Approximately 85% o f  t h e  t o t a l  c a t c h  occurred 
between 16 May and 30 May (F igure  1 ) .  Water temperature  dur ing  t h e  peak o f  
smolt  migrat ion ranged from 4.4"C t o  7.0°C w i t h  a mean of  5.3"C. 

Age-Weight-Length 

A t o t a l  o f  756 smolt  was sampled t o  determine mean weight ,  l e n g t h ,  and age 
composition. Ninety-nine pe rcen t  o f  t h e  t o t a l  e s t imated  migrat ion c o n s i s t e d  
o f  Age I smol t  (Table 2 ) .  Peak migra t ions  of both Age I and Age I 1  smolt  
occurred between 21 May and 25 May. 

Mean leng ths  were 103.6 mm f o r  Age I smol t and 132.4 mm f o r  Age I 1  smol t. 
Mean weights o f  Age I and Age I 1  smolt  were 9.7 g and 20.3 g ,  r e s p e c t i v e l y  
(Table 4 ) .  These compare t o  an 8-year mean of 95.5 mm and 7.8 g f o r  Age I 
smol t ,  and 118.2 mm and 12.8 g f o r  Age I 1  smolt .  Annual mean l e n g t h s  and 
weights by age c l a s s  from 1973 through 1981 a r e  presented i n  Table 5. 

Coded \ J i  r e  Tagging 

A t o t a l  o f  44,031 sockeye salmon smolt  was tagged and re leased  a t  Snake River. 
Daily tagging m o r t a l i t y  r a t e  ranged from 1-31% wi th  a mean of 10.4%. Total  
tagging m o r t a l i t y  accounted f o r  4,557 dead smolt .  Mean t a g  r e t e n t i o n  was 
94.2% (range:  88-100%). 

DISCUSSION 

Seasonal and d ie1  t iming of t h e  sockeye salmon smolt  migrat ion from Lake Nuna- 
vaugaluk dur ing 1981 was s i m i l a r  t o  p a t t e r n s  repor ted  f o r  t h i s  system i n  p a s t  
y e a r s  (Thomason and Jaen icke  1979).  However, i t  d id  no t  appear t h a t  l a r g e  
numbers of smolt  migrated p r i o r  t o  l ake  i c e  breakup o r  whi le  i c e  was s t i l l  
d r i f t i n g  down Snake River ,  a s  was pos tu la ted  by Thomason and Jaenicke (1979). 
Smolt leave t h e  l ake  a s  soon a s  t h e  sou th  end i s  i c e - f r e e .  Once migrat ion 
begins i t  i s  r ap id  and of s h o r t  d u r a t i o n ,  a t y p i c a l  p a t t e r n  f o r  smolt  migrat ion 
i n  s i n g l e  l ake  systems. This makes i t  imperat ive  t o  have personnel a v a i l a b l e  
t o  remain on s i t e  dur ing l ake  i c e  breakup s o  t h a t  sampling can begin a s  soon 
a s  cond i t ions  a l low.  

A summary of outmigrat ions  by age c l a s s  f o r  1979-1981 i s  given i n  Table 6.  
The 1981 smolt product ion per spawning a d u l t  was 105.9 Age I smolt and 1.7 
Age I 1  smol t (escapements o f  8,439 i n  1979 and 18,074 a d u l t s  i n  1978). These 



Table 2. Sockeye salmon smolt migration estimates by age class grouped 
by sample periods from Snake River, 1981. 

Number Number Total Sample Percent Percent 
Date Age I Age I1  number size Age I Age I1  

Totals 893,570 30,058 923,628 756 98.8 1 . 2  



Table 3. Incline plane trap catches of sockeye salmon smolts, Snake River, 
1981. 

DATE TRAP 1 TRAP 2 TRAP 3 TOTAL 

May 1 6  7 6  1 1 0  730 
1 7  1 0 4  436 228  
1 8  8  6 2 
1 9  279 386 1 9 2  
2 0  1 3 9  1 3 5  63 

TOTALS 606 1.073 1 2 1 5  2894 

May 2 1  2 6 1  419 
22  1 2 5  200 
23  24 6 0  
2 4  178  1 5 4  
25 255 220  

TOTALS 843 1053 2514 4410 

May 26 373 16? 209 749  
27 7 0  8 8  68  226 
28  1 8 3  262 142  587 
29 1 2 5  19 8  1 4 3  466 
30  9 2  8 9  1 0 8  289 

-- .-- -- -- 
TOTALS 843  804 670 2317  

May 3 1  63  60  55 
June 1 67 3 6  29 

2 8 9  '7 4 7 3  
3 4 2  4 5 4  3 
4  25  37 35 

- -- - 
TOTALS 286 2 5 2  235  773 



Table 3 .  Incline plane t rap  catches of sockeye salmon smolts, Snake River, 
1981 (continued) . 

DATE TRAP 1 TRAP 2 TRAP 3 TOTAL 

June 5 
6 
7 
8 
9 

TOTALS 

June 10 11 
14. 37 
12 40 
13 27 
14* -- 
15 22  

TOTALS 137 

June 1 6  

TOTALS 

June 2 1  14 
22 5 
23 6 
24 7 
25 19 

TOTALS 51 23 15 89 

GRAND TWALS 2943 3419 4933 11295 

* Traps not fished - 56- 



'I- 
0
 



Table 4. Mean length,  mean weight, standard deviat ion,  variance and sample s i z e  f o r  
sockeye salmon smolts grouped by 5-day sample period and age c lass  from 
Snake River, 1981. 

AGE I 

MEAN MEAN 
LENGTH 2 WEIGHT 

DATE ( m m )  s s (9 s s 2 n 

Mean 103.58 9.67 

AGE I1 

Mean ' 132.35 20.33 

Annual 
Mean 104.51 

1 Weighted by estimated number of Age I and Age I1 smolts migrating during each 
sampl i ng period. 



Table 5. Mean l e n g t h s  and weights of sockeye salmon smol t from Snake River ,  
1973-1 981 l. 

AGE I AGE I1  
Fork Weight Fork 

Year l eng th  (mm) (9 )  l eng th  (mm) 

Data f o r  1973-1980 from Fr ied and Laner (1981). 



Table 6.  Summary of smolt  outmigrat ion by y e a r  and age c l a s s  i n  Snake River ,  
1979-1 981. 

Year of 
outmi g r a t i o n  Age I Age I 1  Total  



f igures  represent  a minimum smolt production of 109 smolt per spawner from 
the 1978 brood year  escapement of 18,074 f i s h  (Table 7 ) .  This ind ica tes  a 
freshwater survival  of 7% (based on a poten t ia l  egg deposi t ion of 27,743,500, 
i . e .  , 9,037 female spawners of which 86% were 2-ocean and 14% were 3-ocean). 

Lake Nunavaugaluk sockeye salmon smolts appear t o  be the  l a r g e s t  produced by 
any system within Nushagak Bay (Thomason and Jaenicke 1979). Large smol t 
s i z e ,  predominance of Age I smolts ,  and high smolt production a l l  ind ica te  
t h a t  condi t ions with Lake Nunavaugaluk have been favorable  f o r  rear ing  
juveni les  r e su l t i ng  from a d u l t  escapements of about 10,000 sockeye salmon. 
However, optimum carrying capaci ty of t he  l ake f o r  sockeye salmon juveni 1 e s  
i s  not known. I t  wi l l  be important t o  continue t o  monitor s i z e ,  age, and 
production of smolts migrating from the  lake a s  e f f o r t s  t o  increase adu l t  
escapement and introduce addi t ional  f r y  t o  the system from East Creek Hatchery 
continue. Large increases  i n  the number of rear ing sockeye salmon juveni les  
could r e s u l t  i n  decreased smolt s i z e ,  increased lake residence time p r io r  t o  
the smol t i f i c a t j o n ,  and lowered smol t production. 



Table 7 .  Summary of smolt  outmigrat ion by brood y e a r  escapements,  by age 
c l a s s ,  and smolt  product ion pe r  spawner i n  Snake River from 1976 
t o  1981. 

Brood Smol t ~ r o d u c t i o n  
year Escapement Age I Age I1 Total  pe r  spawner 
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